ABSTRACT
INTRODUCTION
Power quality is attracting the attention of regulators in many European countries. A number of initiatives has been implemented or are about to be implemented in some countries to get a better overview of the power quality and to support an introduction of financial incentives related to power quality to network operators. In order to get a better tool for this regulation CEER/ERGEG has suggested [1] a number of changes to the European standard EN 50160 [2] , which define different power quality parameters and limits for some of these. One of the proposals is to extend the scope to 150 kV.
The Danish network operators are paying attention to the development of EN 50160 and would also like to serve their customers with the best reasonable power quality at all times. In Denmark power quality measurements are normally carried out in order to deal with customer complaints, and only one nationwide measurement programme has been completed. This was back in 1996-1998 and included approximately 200 measurement points at LV [3] .
In order to get an overview of the power quality level in general as well as establish the necessary basis for assessing possible changes and additions to EN 50160, it is essential to increase the knowledge of the power quality at LV as well as MV and HV. As a first step a pilot project was conducted in co-operation with the Danish network operator DONG Energy. The basic idea was to gain experience with the installation of measurement equipment and data management and analysis. Due to a significant short circuit level in the network, it was not expected to discover voltage quality problems in the network, but management of the measurement system is not expected to be dependent on the measured power quality, of course. DONG Energy was willing to enter into the pilot project and had the necessary PQ-measurement equipment at their disposal which reduced the initial investment costs.
MEASUREMENT SETUP
Measurements were carried out in 4 primary substations (AAA (30 kV), BBB (30 kV) and CCC (10 and 30 kV), DDD (10kV)). Eight power quality measurement units of the type Unipower UP-2210, which measures according to IEC 61000-4-30 class A, were installed. The measurement units is designated PQ0 through PQ12 in figure 1. The load served by secondary substation T3506 is primarily IT enterprises whereas substation T2739 mainly serves household customers.
The voltage signal to PQ8 and PQ12 are derived from the same voltage transformer and the same applies to PQ10 and PQ11, whereas current signals were individual for each unit. The existing instrument transformers were used. This is a decision which must be taken with some caution, since these can not always be expected to have an appropriate frequency response. However, Norwegian experience [4] indicates that the frequency response for current transformers and inductive voltage transformers often are sufficient for measurement of harmonics. It was assumed that this also applies to Danish measurement transformers. However, the pilot project did not include an investigation of this subject.
Data is saved in a central data base on a server at DONG Energy and measurement units are connected to this server via Ethernet. Data can be collected by means of a laptop, but the direct connection reduces the risk of data loss significantly. The measurement units can also communicate via e.g. GPRS but this solution has not been employed in the pilot project. However, it will be relevant to consider wireless communication to secondary substations or other locations without existing communication. 
DATA VALIDITY
The measurement setup including communication has in general performed very well during the measurement period. There have been a full set of data available for most of the observed weeks, but data for a few (less than 0.1 %) isolated 10 minute periods has not been recorded. This is not considered to affect the validity of the measurement results. However the missing data would be a problem that had to be addressed if a full set of measurements was required in order to prove a "100 % of the time" compliance which has been suggested by regulators as a possible improvement of EN 50160.
IEC 61000-4-30 describes a flagging concept which facilitates handling of unreliable parameter data in case of interruptions, voltage dips and swells. The current version of EN 50160 does not address how flagged data should be evaluated. As it has no technical relevance to evaluate voltage harmonics etc. during interruptions and the interpretation becomes ambiguous during voltage dips and swells, it was decided to exclude flagged data from the analysis.
However, as a 2 hour flicker (P lt ) values is flagged if any of the included 10 minute (P st ) values are flagged, it should in general be considered whether it is appropriate to exclude all flagged P lt values as this could lead to a considerable reduction of the available data. As the number of flagging triggering events has been very limited in the actual measurement project, the remaining P lt data is believed to be valid.
MEASUREMENT RESULTS
For each measurement unit the following parameters were analysed:
• In the measurement campaign of 1996-1998 flicker (2 hour average, P lt ) was observed to exceed the recommendation in EN 50160 in approximately 10 % of the measurement points. The other parameters were in general below but in some cases close to the limits.
The figures 2 and 3 below shows the flicker measured during the pilot project at 30 kV (PQ0) and 10 kV (PQ8), respectively. It can be seen that the flicker is generally well below the recommended value of 1. The largest recorded short time flicker (10 min average, P st ) was 0.99 at 30 kV and 3.11 at 10 kV, whereas the short time 99 percentiles were 0.37 at 30 kV (PQ0) and 0.33-0.34 at 10 kV (PQ8 and PQ11) which is negligible. 
Figure 6. Harmonic voltage distortion (THD), 132 kV.
A part of the harmonic content can be recognised at 132 kV level as well. The pilot project has not included 132 kV measurements, but DONG Energy has provided some 132 kV data from a near by substation for the investigated time period. The harmonic content at 132 kV is illustrated in figure 6 and it is quite clear that a pattern similar to the lower levels can be recognised. However, the harmonic level is somewhat lower than at 30 kV.
The sources of the harmonics have not been identified in any case in the pilot project. It is likely that e.g. consumer electronics (TV sets etc.) which generates harmonic currents have a significant influence on the relative high measured level during the evening. The harmonic voltage distortion can be seen even at 132 kV and this voltage distortion will of course propagate downwards in the system and be enhanced by the influence of local harmonic sources. Day time load and three phase connected harmonic sources will contribute to lowering the influence of the single phase connected equipment.
The 5 th harmonic makes up the main part of the THD, but also 7 th and 11 th harmonic contributes significantly to the THD. The 5 th harmonic at 10 kV (PQ8) is shown in figure  7 , and it can be seen that the values are well below the 5 There has been measured between 6 and 43 voltage dips and swells in the different locations during the 6 month period. The main part of the dips and swells have been within the envelope of the ITI (CBEMA) Curve which describe an AC input voltage envelope which typically can be tolerated by most (120 V, 60 Hz) IT equipment [5] . The 30 kV voltage dips can also be identified at 10 kV as expected.
CONCLUSIONS AND FUTURE WORK
In order to secure an appropriate power quality and assess proposed changes to relevant standards as EN 50160, it is necessary to increase the knowledge of the power quality in the network, including MV and HV.
The pilot project described in this paper has primarily been completed in order to gain experience with the management of continuous and simultaneous measurements in different points in the network at several voltage levels. It was not expected that the measurements would reveal power quality parameters beyond the limits in e.g. EN 50160, and this was not the case either, since all measured parameter values are well below the current limits.
It has been decided to expand the measurement campaign during 2009 such that network in a larger part of the country and network operated at 50-150 kV will be included. This would also give an indication of the power quality in networks with a short circuit power which is smaller than in the Copenhagen grid and would provide a better basis for the evaluation of the proposed changes to EN 50160. The enlarged project will also include LV measurements in order to increase the knowledge of the relationship between voltage quality parameters at different voltage levels. Furthermore it is planned to investigate the frequency response of a representative sample of the used instrument transformers.
